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DETAILED ACTION 
Response to Amendment 

1 . The arguments filed on 30 October 2006 do not place the application in condition 
for allowance. 

Status of Rejections Pending Since the Office Action of 28 April 2006 

2. All previous rejections are maintained. 

Claim Rejections -35 USC §103 

3. . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

4. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 
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5. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

6. Claims 1 , 4-7, and 14-24 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Manz et al in view of Kfivankova et al. 

Relevant to claim 1 , Manz et al disclose a method for injecting a sample 
comprising a plurality of charged components and separating the components by 
electrophoresis in a microfluidic device (Column 1, lines 6-10; Column 2, lines 60-66), 
wherein said microfluidic device (Figures 1 and 3) includes a separation channel (22), 
having an upstream portion terminating in an upstream reservoir (R) and a downstream 
portion terminating in a downstream reservoir (W), sample and drain channels (23 and 
24) intersecting the separation channel between the two channel portions at first and 
second junctions (25 and 26), respectively, and terminating in sample and drain 
reservoirs (S and D), respectively; and said device further includes electrodes in contact 
with the fluid in each said reservoir, including an upstream electrode, a downstream 
electrode, a sample electrode, and a drain electrode (Column 4, lines 4-10); the method 
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comprising: a) placing into said separation channel, side channels and drain reservoir a 
first electrolyte solution (Column 3, line 66 - Column 4, line 3; Column 5, lines 35-38); b) 
placing into said sample reservoir the sample solution; c) creating a first voltage 
gradient between said sample electrode and said drain electrode, such that the charged 
components move into said separation channel (Column 5, lines 38-43), with the 
upstream and downstream electrodes being in a floating state during this step (Column 
5, lines 43-47); and d) placing said sample and drain electrodes in a floating state, and 
creating a second voltage gradient between said downstream and upstream electrodes, 
such that the charged components move through the separation channel and separate 
into discrete bands according to their electrophoretic mobilities. (Column 5, lines 48-58; 
"switched off" would correspond to the definition of "floating" given at page 1 1 , lines 15- 
19 of the applicants 1 specification) 

Relevant to claims 4 and 5, Manz et al disclose the sample and drain channels 
intersecting the separation channels at either directly opposed junctions or at staggered 
junctions. (Column 4, lines 42-51) 

Relevant to claim 6, Manz et al disclose the sample channel (23) being upstream 
of the drain channel (24). (Figure 3) 

Manz et al do not explicitly disclose a method in which the sample solution and 
background electrolyte are chosen such that the first and second electrolyte solutions 
each comprise an ion having lower mobility in an electric field than any of said charged 
components, and one or the other of said electrolyte solutions comprises an ion having 
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higher mobility in an electric field than any of said charged components, nor do they 
explicitly disclose the injection step including sample stacking within a region of said 
separation channel. (Claim 1 ) 

Relevant to claim 1 , Kfivankova et al disclose a method of sample stacking in 
capillary electrophoresis (Section 5, Sample induced transient ITP in CZE; further 
discussion on pages 31-33) in which the sample solution and background electrolyte 
are chosen such that the first (background) and second (sample) electrolyte solutions 
each comprise an ion having lower mobility in an electric field than any of said charged 
components (B in figure 24), and one or the other of said electrolyte solutions comprises 
an ion having higher mobility in an electric field than any of said charged components (A 
in figure 24), which is present in a higher concentration than said charged components, 
(e.g. Figure 23 (b) and (c); 100-300 mM NaCI with 0.1 mM sample) The stacking 
occurs due to isotachophoresis (Transient ITP; Section 5), and will result in increased 
sample concentration (i.e. "into a small volume"), as shown in Figure 23 and discussed 
in the paragraph bridging the 1 st and 2 nd columns of page 29 - "sharp peaks" indicates a 
narrow sample band, with a corresponding smaller volume. 

Relevant to claims 14 and 15, Kfivankova et al disclose within their method the 
use of negatively charged sample components and chloride as the higher mobility ion 
(Figure 23) 

Relevant to claim 16, Kfivankova et al disclose the use of imidazole as the low- 
mobility ion with negatively charged analytes. (Table 3) 
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Relevant to claims 17 and 18, Kfivankova et al disclose the low-mobility ion 
having a concentration of 10 mM in a separation. (Figure 23) 

Relevant to claims 19 and 20, Kfivankova et al disclose analysis of charged 
sample components having a concentration of 0.1 |jM. (Figure 21) 

Relevant to claims 21 and 22, Kfivankova et al disclose the high-mobility ion 
having a concentration of 3-20 mM (Table 2), and also show experiments where its 
concentration ranges from 0-300 mM. (Figure 23) 

Relevant to claim 23, Kfivankova et al disclose a method in which only the first 
(i.e. leading) electrolyte solution comprises the high mobility ion. (Figure 18) This 
leading electrolyte also served as the background electrolyte for capillary zone 
electrophoresis. 

Relevant to claim 24, Kfivankova et al disclose a method 1 in which only the 
second (i.e. sample) electrolyte solution comprises the high mobility ion. (Section 5) 

Addressing claim 1, it would have been obvious to one having ordinary skill in 
that art at the time the invention was made to modify the method of Manz et al by using 
samples and electrolytes that would provide sample stacking upon injection and electric 
field application, as taught by Kfivankova et al, because Kfivankova et al teach the 
advantages of using such isotachophoretic stacking methods in capillary 
electrophoresis methods, in that it allows increased sensitivity and analysis speed. 
(Conclusions) The use of electrokinetic injection as described in the method of Manz 
with such a sample as described by Kfivankova et al would lead to a degree of 
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isotachophoretic sample stacking within the separation channel in the injection step, 
(i.e. step (c) of the instant claim) 

Addressing claim 7, it would also be obvious to use the downstream side channel 
as the sample source, and the upstream side channel as the drain, because it would be 
equally effective in transferring sample into the separation channel, and in the case of 
positively charged analytes, it would facilitate sample stacking in the appropriate 
direction, (i.e. the direction of the electric field in the separation channel during injection 
would be the same as that during separation) 

Addressing claims 14-24, examples of electrolytes and suitable concentrations 
from Kfivankova et al, referenced to instant claims, are given above. Any would be 
obvious to use in a combined method. 

7. Claims 1, 4-7, and 14-24 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Shultz-Lockyear et al in view of Kfivankova et al. 

Relevant to claim 1 , Shultz-Lockyear et al disclose a method for injecting a 
sample comprising a plurality of charged components and separating the components 
by electrophoresis in a microfluidic device (Figure 3 and caption), wherein said 
microfluidic device (Figure 1) includes a separation channel having an upstream portion 
terminating in an upstream reservoir (3) and a downstream portion terminating in a 
downstream reservoir (4), sample and drain channels (connecting reservoirs 1 and 2 to 
the separation channel) intersecting the separation channel between the two channel 
portions at first and second junctions, respectively, and terminating in sample and drain 
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reservoirs (1 and 2), respectively; and said device further includes electrodes in contact 
with the fluid in each said reservoir, including an upstream electrode, a downstream 
electrode, a sample electrode, and a drain electrode (Section 3.3 describes voltage 
application, electrodes are inherently present in each reservoir); the method comprising: 
a) placing into said separation channel, side channels and drain reservoir a first 
electrolyte solution (Section 3.1 describes buffer; for device to operate the channels 
must have been filled); b) placing into said sample reservoir the sample solution; c) 
creating a first voltage gradient between said sample electrode and said drain electrode, 
such that the charged components move into said separation channel (See Figure 3 
and caption), with the upstream and downstream electrodes being in a floating state 
during this step (Figure 3 caption); and d) placing said sample and drain electrodes in a 
floating state, and creating a second voltage gradient between said downstream and 
upstream electrodes, such that the charged components move through the separation 
channel and separate into discrete bands according to their electrophoretic mobilities. 
(Figure 3 caption) 

Also relevant to claim 1 , Shultz-Lockyear et al disclose sample stacking within 
their device with certain buffer and sample choices. (Figure 7 and discussion) 

Relevant to claim 5, Shultz-Lockyear et al disclose the sample and drain . 
channels intersecting the separation channels with staggered junctions. (Figures 1 and 
3) 
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Relevant to claim 7, Shultz-Lockyear et al disclose the sample channel 
(Connected to reservoir 1) being downstream of the drain channel (Connected to 
reservoir 2). (Figure 3) 

Shultz-Lockyear et al do not explicitly disclose a method in which the sample 
solution and background electrolyte are chosen such that the first and second 
electrolyte solutions each comprise an ion having lower mobility in an electric field than 
any of said charged components, and one or the other of said electrolyte solutions 
comprises an ion having higher mobility in an electric field than any of said charged 
components, nor do they explicitly disclose the injection step including sample stacking 
within a region of said separation channel. 

The disclosure of Kfivankova et al is as described above in paragraph 7. 

It would have been obvious to one having ordinary skill in that art at the time the 
invention was made to modify the method of Shultz-Lockyear et al by using samples 
and electrolytes that would provide sample stacking upon injection and electric field 
application, as taught by Kfivankova et al, because Kfivankova et al teach the 
advantages of using such isotachophoretic stacking methods in capillary 
electrophoresis methods, in that it allows increased sensitivity and analysis speed 
(Conclusions), and Shultz-Lockyear teach that such stacking occurs in their system with 
certain buffer/sample combinations. (Figure 7 and its description) The use of 
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electrokinetic injection as described in the method of Shultz-Lockyear et al with such a 
sample as described by Kfivankova et al wouid lead to a degree of isotachophoretic 
sample stacking within the separation channel in the injection step. (i.e. step (c) of the 
instant claim) 

Regarding claim 4, Shultz-Lockyear et al disclose how their disclosed double-T 
injector allows for very small sample plugs. (Abstract; 1 st sentence) It would certainly 
have been obvious to one having ordinary skill in the art to place the side channels 
directly opposite each other in the case that the smallest sample plug possible were 
desired. Such geometries are entirely conventional in the microfluidic art. 

Regarding claim 6, it would also be obvious to use the upstream side channel as 
the sample source, and the downstream side channel as the drain, because it would be 
equally effective in transferring sample into the separation channel, and in the case of 
negatively charged analytes, it would facilitate sample stacking in the appropriate 
direction, (i.e. the direction of the electric field in the separation channel during injection 
would be the same as that during separation) 

Regarding claims 14-24, examples of electrolytes and suitable concentrations 
from Kfivankova et al, referenced to instant claims, are given above in paragraph 7. 
Any would be obvious to use in a combined method. 

8. Claims 11 and 12 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Manz et al and Kfivankova et al as applied to claim 1 above, and further in view of 
Ramsey. (US 6,342,142) 
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Manz et al and Kfivankova et al disclose a combiried method as described above 
in addressing claim 1. 

Neither Manz et al nor Kfivankova et al explicitly disclose a method wherein the 
charged components are selected from the group consisting of nucleic acids, proteins, 
polypeptides, polysaccharides, and synthetic polymers (Claim 11); or a method of claim 
11 wherein said charged components comprise nucleic acids. (Claim 12) 

Ramsey discloses a method wherein the sample comprises nucleic acids. 
(Column 20, lines 35-36) 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use the combined method of Manz et al and Kfivankova et al to 
analyze samples comprising nucleic acids, because such capillary electrophoretic 
methods provide excellent resolution of mixtures of charged molecules. (See Manz et 
al, Background and Summary sections; numerous cited examples in Kfivankova et al) 
Furthermore, it would have been within the level of ordinary skill in the electrophoresis 
art to select a suitable analyte from materials (such as nucleic acids) which were well 
known as being separable by electrophoretic methods. 

9. Claims 11 and 12 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Shultz-Lockyear et al and Kfivankova et al as applied to claim 1 above, and further 
in view of Ramsey. (US 6,342,142) 

The reasoning for this rejection parallels that given above in paragraph 9. 
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10. Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over Manz et 
al and Kfivankova et al as applied to claim 1 above, and further in view of Fuchs et al. 

Manz et al and Kfivankova et al describe a combined method as described 
above in addressing claim 1 . 

Neither Manz et al nor Kfivankova et al explicitly describe analysis of a sample 
as claimed in claim 13. 

Fuchs et al disclose an electrophoretic method wherein the charged components 
of the sample comprise labeled molecules having distinct and characterized 
electrophoretic mobilities (Column 23, lines 29-53; Column 26, lines 19-53), said 
molecules having been cleaved from molecular species with biological or chemical 
recognition properties in the course of a multiplexed chemical or biochemical assay 
(Column 23, line 29 - Column 24, line 47) 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to further modify the method of Manz et al by analyzing a sample 
as taught by Fuchs et al, because Fuchs et al demonstrate the desirability of 
electrophoretic analysis of such mixtures, and selection of any particular known type of 
sample for analysis would have been well within the level of ordinary skill in the art. 

1 1 . Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over Shultz- 
Lockyear et al and Kfivankova et al as applied to claim 1 above, and further in view of 
Fuchs et al. 

The reasoning for this rejection parallels that given in paragraph 1 1 above. 
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12. Claims 1 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Fuchs et al in view of Kfivankova et al and either Manz et al or Shultz-Lockyear. 

Fuchs et al disclose a method for injecting a sample comprising a plurality of 
charged components and separating the components by electrophoresis in a 
microfluidic device (Column 4, lines 24-38), wherein said microfluidic device (Figures 1a 
and 1b) includes a separation channel (20), having an upstream portion terminating in 
an upstream reservoir and a downstream portion terminating in a downstream reservoir 
(Both reservoirs labeled 16), sample and drain channels intersecting the separation 
channel between the two channel portions at first and second junctions, respectively, 
and terminating in sample and drain reservoirs (24 and 26), respectively; and said 
device further includes electrodes in contact with the fluid in each said reservoir 
(Column 20, lines 61-63), including an upstream electrode, a downstream electrode, a 
sample electrode, and a drain electrode; the method comprising: a) placing into said 
separation channel, side channels and drain reservoir a first electrolyte solution 
(Column 20, lines 53-56; necessary for electrokinetic motion); b) placing into said 
sample reservoir the sample solution (Column 20, lines 56-59); c) creating a first voltage 
gradient between said sample electrode and said drain electrode (Column 15, lines 52- 
62; Column 20, lines 56-63), such that the charged components move into said 
separation channel; and d) creating a second voltage gradient between said 
downstream and upstream electrodes, such that the charged components move 
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through the separation channel and separate into discrete bands according to their 
electrophoretic mobilities. (Column 16, lines 15-52) 

Also relevant to claim 1 , Fuchs et al disclose isotachophoretic concentration of a 
sample within their electrophoresis method. (Column 23, lines 48-53) 

Relevant to claim 13, Fuchs et al disclose a method wherein the charged 
components comprise labeled molecules having distinct and characterized 
electrophoretic mobilities (Column 23, lines 29-53; Column 26, lines 19-53), said 
molecules having been cleaved from molecular species with biological or chemical 
recognition properties in the course of a multiplexed chemical or biochemical assay 
(Column 23, line 29 - Column 24, line 47) 

Fuchs et al do not explicitly disclose a method in which the sample solution and 
background electrolyte are chosen such that the first and second electrolyte solutions 
each comprise an ion having lower mobility in an electric field than any of said charged 
components, and one or the other of said electrolyte solutions comprises an ion having 
higher mobility in an electric field and higher concentration than any of said charged 
components, nor do they explicitly disclose the injection step including sample stacking 
within a region of said separation channel. 

Fuchs et al also do not explicitly disclose placing the upstream and downstream 
electrodes in a floating state during the injection step or placing said sample and drain 
electrodes in a floating state concurrently with application of the potential between 
upstream and downstream electrodes. 
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Kfivankova et al disclose a method of sample stacking in capillary 
electrophoresis (Section 5, Sample induced transient ITP in CZE; further discussion on 
pages 31-33) in which the sample solution and background electrolyte are chosen such 
that the first (background) and second (sample) electrolyte solutions each comprise an 
ion having lower mobility in an electric field than any of said charged components (B in 
figure 24), and one or the other of said electrolyte solutions comprises an ion having 
higher mobility in an electric field than any of said charged components (A in figure 24), 
which is present in a higher concentration than said charged components, (e.g. Figure 
23 (b) and (c); 100-300 mM NaCI with 0.1 mM sample) The stacking occurs due to 
isotachophoresis (Transient ITP; Section 5), and will result in increased sample 
concentration (i.e. "into a small volume"), as shown in Figure 23 and discussed in the 
paragraph bridging the 1 st and 2 nd columns of page 29 - "sharp peaks" indicates a 
narrow sample band, with a corresponding smaller volume. 

Manz et al disclose a similar microfluidic device in which they carry out an 
injection method comprising the steps of placing the upstream and downstream 
electrodes in a floating state while applying a voltage to inject a sample (Column 5, lines 
43-46), and placing said sample and drain electrodes in a floating state concurrently 
with application of the potential between upstream and downstream electrodes. 
(Column 5, lines 48-58) 
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Shultz-Lockyear et al disclose a similar microfluidic device in which they carry out 
an injection method comprising the steps of placing the upstream and downstream 
electrodes in a floating state while applying a voltage to inject a sample, and placing 
said sample and drain electrodes in a floating state concurrently with application of the 
potential between upstream and downstream electrodes. (Figure 3 and caption) 

It would have been obvious to one having ordinary skill in that art at the time the 
invention was made to modify the method of Fuchs et al by using samples and 
electrolytes that would provide sample stacking upon injection and electric field 
application, as taught by Kfivankova et al, because it requires a simpler electrolyte 
system than typical isotachophoretic methods, Fuchs et al described using 
isotachophoretic stacking within their method (Column 23, lines 48-53), and Kfivankova 
et al teach the advantages of using such isotachophoretic stacking methods in capillary 
electrophoresis methods, in that it allows increased sensitivity and analysis speed. 
(Conclusions) Furthermore, the use of electrokinetic injection would lead to a degree of 
sample stacking within the separation channel in the injection step. (i.e. step (c) of the 
instant claim) 

It would also have been obvious to allow the electrodes in the upstream and 
downstream reservoirs to float during injection and to allow the electrodes in the sample 
and waste reservoirs to float after injection, as taught by either Manz et al of Shultz- 
Lockyear et al, because it provides the simplest method of injection and separation, (i.e. 
only applying a potential to two electrodes at a time) Furthermore, since Fuchs is silent 
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concerning the specifics of the injection procedure, a skilled artisan would look to the 
teaching of other prior art methods (e.g. Manz et al, Shultz-Lockyear et al) for suitable 
methods. As these references teach the effectiveness of their injection methods, it 
would have been obvious to use them. 

Response to Arguments 

1 3. Applicant's arguments filed 30 October 2006 have been fully considered but they 
are not persuasive. 

Applicant argues that there is no motivation to combine Manz et al with 
Kfivankova et al., due to an apparent difference in the sample sizes used in the 
respective references. Applicant argues that Manz et al's double-T configuration is 
somehow limited to use of small samples due to Manz et al stating that the injection is , 
carried out "for at least a time long enough that the sample component having the 
lowest electrophoretic mobility is contained within the geometrically defined volume". 
The Examiner fails to see how this limits the sample size in any way. One might desire 
to limit the sample size in order to minimize injection time, but the method is in no way ' 
limited to this, and one might equally well desire a larger sample volume in order to 
facilitate detection. The method is clearly amenable to a variety of sample sizes, 
depending on the particular channel geometry of the device. Applicant further points to 
differences in the design of the system of Kfivankova et al that are not provided for by 
Manz et al. Such considerations of bodily incorporation are not the standard for 
determining obviousness under 35 U.S.C. §1 03(a), it is rather what the prior art would 



Application/Control Number: 10/034,278 Page 18 

Art Unit: 1753 

suggest to one having ordinary skill in the art. It is the Examiner's position that one 
having ordinary skill in the art would have recognized that use of samples and buffers 
as described by Kfivankova et al in the system of Manz et al would have resulted in 
successful stacking, with enhanced peak sharpness and resolution, as taught by 
Kfivankova et al. (Abstract) 

Applicant argues that the claimed method provides unexpected benefits not 
taught by the prior art of record. However, Applicant has provided no evidence to 
demonstrate any such unexpected benefit. Applicant points to data contrasting the 
instant method with a "pinch/pullback" injection that is not relevant to the rejections 
made, and argues superior peak sharpness and intensity. The rejections made above 
cite prior art'references that teach "floating" injection procedures; therefore 
demonstration of the superiority of the method to a "pinch/pullback" method simply 
cannot be probative of nonobviousness. Applicant has provided no demonstration that 
any purported superiority is a result of the details of the claimed method, as opposed to 
sample choice, column length, or any other property of the system, and no 
demonstration that this benefit is unexpectedly greater than that that suggested in the 
combination of references made in the rejection. Note MPEP §716.02 as to the burden 
on Applicant in demonstrating unexpected results. 

Applicant provides arguments against the combination of Schultz-Lockyear et al 
with Kfivankova et al that are similar to those discussed above against Manz et al in 
view of Kfivankova et al. These are not persuasive for the same reasons. The 
Examiner maintains that the motivation provided in the rejection is valid. 
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Regarding Fuchs et al, Applicant argues that Fuchs does not disclose ITP in a 
separation method. Fuchs clearly teaches, "separating the detectable complex formed 
from any unreacted labeled detectable binding partner using capillary electrophoresis" 
(Column 23, lines 45-47), and the isotachophoretic method is cited as a preferred 
method of concentrating the sample. (Column 23, lines 48-53) This clearly shows ITP 
as a prelude to capillary electrophoresis separation. In addition, the motivation provided 
by the teaching of Kfivankova et al is not addressed by these arguments. 

Conclusion 

14. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Dr. Jeffrey T. Barton whose telephone number is (571) 
272-1307. The examiner can normally be reached on M-F 9:00AM - 5:30PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nam Nguyen can be reached on (571) 272-1342. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



JTB 

3 January 2007 
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